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out-degree:	 𝑘+, 𝑡 = 𝑘++. 𝑡 + 𝑘+012(𝑡)	 	 	 	 (2)	
The	direct	adjacency	matrix	𝑎+4,5 	of	trade	flows	among	countries	in	the	Americas	was	inputted	into	the	


























































































































































































































































































1	 Brazil	 5.08%	 Canada	 23.14%	
2	 Mexico	 6.89%	 Panama	 20.80%	
3	 Venezuela	 2.05%	 Dom	Rep	 7.19%	
Mexico	
1	 USA	 18.08%	 USA	 18.81%	
2	 Canada	 1.12%	 Colombia	 15.30%	
3	 Colombia	 15.29%	 Panama	 8.98%	
El	Salvador	
1	 USA	 3.48%	 Colombia	 22.27%	
2	 Canada	 0.00%	 Costa	Rica	 17.91%	





2	 Brazil	 8.63%	 USA	 14.72%	
3	 Mexico	 2.41%	 Panama	 11.85%	
Antigua	
1	 USA	 7.68%	 Barbados	 18.06%	
2	 Mexico	 0.00%	 St.	Vincent	 14.20%	
3	 Canada	 0.00%	 St.	Lucia	 12.73%	
Dominica	
1	 USA	 13.13%	 St.	Lucia	 28.70%	
2	 Dom	Rep	 0.00%	 Panama	 13.94%	
3	 Guyana	 0.00%	 St.	Vincent	 13.74%	
Table	4.	Top	three	ITN	and	MSN	partners	for	selected	countries	(weight)	
	
In	summary,	the	analysis	of	connectivity	at	both	global	and	local	levels	showed	that	countries	were	not	
always	connected	to	their	ITN	partners.	In	addition,	such	connections	not	always	had	the	same	
importance	for	the	ITN	and	for	the	MSN.	Indeed,	Pearson’s	correlation	between	ITN	and	MSN	was	very	
low	(0.38)	for	links	weight	and	moderate	(0.55)	for	links	ranking	(Figure	5).	While	in	the	ITN	the	most	
important	links	connected	trade	partners	(for	example,	USA-Canada,	USA-Mexico,	Canada-USA),	in	the	
MSN	the	most	important	links	connected	either	global	and	regional	hubs	or	community	neighbours	(for	
example,	Panama-USA,	USA-Jamaica,	Brazil-Argentina).	This	is	in	line	with	the	results	from	studies	on	
multi-layered	networks,	which	show	that	relationship	between	nodes	may	change	depending	on	the	
criteria	under	consideration	(Bocaletti	et	al.,	2014).	
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Figure	5.	Correlation	between	links	rankings	in	the	ITN	and	MSN	
	
Due	to	the	MSN	structure,	a	country’s	exports	usually	had	to	go	through	third	countries	before	arriving	
at	their	destination	markets	(Lam	and	Yap,	2011).	Therefore,	a	country’s	connectivity	to	international	
markets	also	depended	on	those	third	countries.	This	dependency	is	graphically	illustrated	in	Figure	6,	
which	visually	represents	the	main	20	shipping	routes	in	the	Americas	(making	up	to	80%	of	total	MSN	
capacity	available	in	2011)	as	a	metro-like	map	so	as	to	grasp	the	particular	characteristics	of	the	MSN	
geographic	structure.	From	the	figure	it	can	be	noticed	that	in	the	case	of	Chile,	for	example,	its	
connectivity	depended	also	on	Peruvian,	Ecuadorian	and	Colombian	ports,	since	the	maritime	services	
calling	at	Chilean	ports	–	and	transporting	its	exports	to	destination	markets	-	also	stopped	at	Chile’s	
neighbours	in	the	WCSA	community	(Peru	and	Ecuador)	and	the	regional	hub	(Colombia).	Likewise,	
given	that	all	of	the	maritime	services	that	connected	Uruguay	with	its	international	markets	also	called	
at	ports	in	Brazil	and	Argentina,	the	quality	of	port	infrastructure	in	those	countries	and	their	level	of	
connectivity	were	critical	to	Uruguay’s	connectivity.		
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Figure	56.	Metro-like	organisation	of	the	MSN*	
*	“West”	and	“East”	shores	were	indicated	for	countries	with	shores	on	both	Pacific	and	Atlantic	oceans.	
For	visual	simplicity,	Guatemala	and	Costa	Rica	were	indicated	with	one	node	each.		
	
Having	analysed	connectivity	based	on	the	characteristics	of	transport	services	–	the	narrow	
connectivity	perspective		–	port	infrastructure	and	trade	facilitation	components	were	included	to	
account	for	the	broader	connectivity	perspective	found	in	recent	academic	and	policy	literature	
(Marquez-Ramos	et	al.	2011;	ITF,	2012;	xxx,	2016).	More	specifically,	three	categories	of	variables	were	
used	for	the	analysis	of	each	country´s	degree	of	connectivity,	each	of	these	categories	being	in	line	with	
each	component	of	the	broader	approach	to	connectivity	to	international	markets.	As	explained	in	
section	4,	WEF	port	infrastructure	quality	variable	was	used	to	assess	the	port	infrastructure	component	
of	connectivity,	while	the	‘Trading	across	borders’	indicator	of	the	Doing	Business	report	was	used	to	
assess	the	performance	of	trade	facilitation	procedures.	To	assess	transport	services,	three	metrics	of	
local	connectivity	(Table	1)	were	used:	node	degree,	node	weighted	degree,	and	betwenness	centrality.	
Figure	7	is	a	visual	representation	of	the	each	country’s	degree	of	connectivity	based	on	these	variables.		
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The	results	from	analysis	of	the	SN	provided	more	insights	on	country	connectivity	and	dependency	
from	third	countries.	When	considering	port	infrastructure	quality,	the	analysis	showed	that	while	some	
of	the	most	important	countries	in	terms	of	their	total	weighted	degree	had	a	good	port	infrastructure	
quality	(Panama,	USA	and	Jamaica)		many	of	the	countries	that	acted	as	hubs	and	community	
connectors	had	a	deficient	infrastructure	quality	(Figure	7).	This	was	statistically	confirmed	by	the	low	
Pearson’s	correlation	(0.32)	obtained	between	the	position	that	countries	occupied	in	the	MSN	as	a	
function	of	their	number	of	connections	and	their	performance	in	terms	of	port	infrastructure	quality.		
This	was	the	case	with	Colombia,	Brazil	and	Mexico,	which	acted	as	critical	connectors	between	the	
global	network	and	the	WCSA	community,	the	Southern	Cone	community	and	the	Central	America	
community,	respectively,	and	thus	had	a	high	number	of	connections	in	the	MSN,	but	occupied	lower	
positions	in	the	ranking	of	port	infrastructure	quality	(position	19	for	Brazil,	16	for	Colombia	and	10	for	
Mexico).		In	addition,	when	looking	at	the	efficiency	of	port	infrastructure	and	transport	services	at	the	
community	level,	weakest	links	could	be	clearly	evidenced.	Given	the	tight	connection	among	countries	
within	the	community,	such	inefficient	infrastructure	quality	could	negatively	influence	the	connectivity	
of	the	entire	community	(Figure	7).	For	example,	the	bad	infrastructure	quality	of	Brazilian	ports	could	
negatively	influence	the	connectivity	of	other	countries	tightly	connected	to	them	such	as	Uruguay	and	
Argentina.	The	low	infrastructure	quality	of	Colombia	and	Peru	could	negatively	influence	the	
connectivity	of	Chile	and	Ecuador.	Finally,	the	bad	infrastructure	quality	of	Nicaragua	and	Costa	Rica	
could	impact	the	connectivity	of	other	countries	in	their	community	such	as	Guatemala	and	Honduras.	 
In	addition	to	limited	transport	services	and	low	port	infrastructure	quality,	the	efficiency	of	trade	
facilitation	processes	affected	connectivity	in	the	Americas.	The	best	performers	in	this	component	were	
countries	in	the	Caribbean,	whose	participation	in	the	ITN	was	peripheral.	This	is	in	agreement	with	the	
very	low	correlation	(0.24)	obtained		between	countries’	positions	in	the	ranking	of	best	trade	
facilitation	performers	and	the	ranking	of	countries’	connections	in	the	ITN.	Many	of	the	most	critical	
links	in	the	ITN	had	at	least	one	country	with	medium-to-low	performance	in	trade	facilitation.	This	was	
the	case	of,	for	example	in	the	following	bilateral	trades,	US-Colombia,	US-Brazil,	US-Venezuela,	US-Chile	
and	Brazil-Argentina.			
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Figure	7.	SN	performance	in	the	context	of	the	ITN*	
*ITN	and	SN	were	overlapped	using	Gephi.	Nodes’	colour:	port	infrastructure	quality	(distance	from	best	
performer).	Nodes’	size:	DB	(TAC)	performance	(distance).	Edges	weighted	according	to	trade	weight.	
Labels	sized	according	to	betweenness	degree.	
	
The	results	of	this	research	can	be	useful	for	policy-making.	Compared	to	the	available	connectivity	
metrics	that	focus	on	transport	connectivity	only	(Marquez-Ramos	et	al.,	2011),	the	approach	proposed	
allows	a	more	comprehensive	understanding	of	a	country’s	degree	of	connectivity	to	its	international	
markets.	This	approach	is	in	line	with	the	broader	connectivity	perspective	increasingly	embraced	by	
policy-makers	and	academia	which,	aside	from	transport	services,	includes	infrastructure	and	trade	
facilitation	procedures	as	important	elements	to	assess	connectivity	to	international	markets	(ITF,	2012;	
Arvis	and	Shepherd,	2015;	xxx,	2016).	The	results	from	the	approach	proposed	suggest	that,	in	order	to	
understand	a	country’s	degree	of	connectivity	to	international	markets	it	is	critical	to	understand	how	a	
country	is	positioned	within	the	SN;	its	level	of	dependency	from	certain	countries	and	shipping	lines	
structures	to	reach	its	international	markets;	port	infrastructure	quality	at	origin,	
intermediate/transhipment	and	destination	countries;	and	trade	facilitation	processes	at	origin	and	
destination	countries.	In	addition,	a	set	of	connectivity	metrics	has	to	be	applied	in	order	to	
comprehensively	understand	connectivity	performance	from	both	local	and	global	perspectives.	With	
particular	reference	to	policy-making,	the	results	from	the	use	of	this	approach	suggest,	for	example,	
that	a	country’s	transport	and	trade	strategies	cannot	be	designed	without	taking	into	account	the	trade	
and	transport	contexts	(or	networks)	the	country	is	embedded	in.	Indeed,	such	strategies	need	to	
Calatayud	A,	Mangan	J,	Palacin	R	Connectivity	to	international	markets:	A	multi-layered	network	approach,	Journal	of	Transport	Geography,	
May	2017,	volume	61,	pp.	61-71	
20	
	
acknowledge	the	level	of	dependency	from	other	actors	–	both	other	countries	and	maritime	shipping	
lines	–		and	be	able	to	minimise	as	much	as	possible	the	risks	that	emanate	from	this	discrepancy.	It	also	
suggests	that	cooperation	among	countries	is	important	to	increase	the	resilience	of	the	SN	that	allows	
trade	flows	to	reach	their	destination	countries.	Therefore,	aside	from	national	port,	transport	or	trade	
strategies,	regional	strategies	could	help	increase	connectivity.	Although	governments	can	only	
moderately	influence	the	strategies	of	shipping	companies,	they	can	provide	the	required	infrastructure	
and	the	legal	framework	under	which	these	companies	operate.	In	this	context,	and	given	the	
interdependency	of	countries	in	the	MSN,	regional	strategies	can	be	useful	as	a	means	to	coordinate	
investment	efforts	with	the	goal	to	increase	port	performance	at	both	the	country	and	regional	levels.	In	
addition,	governments	can	design	a	regional	maritime	legal	framework	aimed	at	streamlining	
administrative	procedures	and	facilitating	port	operations.	Finally,	governments	can	collaborate	at	
bilateral	and	multilateral	levels	in	order	to	implement	reforms	focused	on	streamlining	trade	facilitation	
procedures.	From	the	private	sector	perspective,	this	more	comprehensive	assessment	of	connectivity	
can	inform	facility	location,	sourcing	and	supply	chain	risk	management	strategies.	Moreover,	it	can	
support	private-public	dialogue	and	partnerships	for	reaching	existing	and	new	international	markets.		
	
5. Conclusion	
The	results	of	this	research	advance	knowledge	in	a	topic	that	is	of	increasing	relevance	in	the	present	
context.	The	application	of	the	approach	proposed	showed	that,	in	the	Americas,	countries	were	seldom	
connected	through	maritime	services	directly	to	their	international	markets.	The	reason	behind	this	is	
the	different	organisations	of	the	ITN	and	the	MSN.	While	the	ITN	is	a	‘point-to-point’	structure,	the	
MSN	shows	a	‘hub-and-spoke’	organisation,	leading	to	the	MSN	not	always	matching	the	structure	of	
trade	flows.	These	findings	are	in	line	with	the	literature	in	Transport	Geography	that	questions	the	
conventional	perspective	in	Transport	Economics,	which	suggests	that	transportation	is	a	derived	
demand	from	economic	activities	(Rodrigue,	2006). Indeed,	the	organisation	of	transport	systems	
responds	to	a	variety	of	factors	aside	of	the	specific	characteristics	of	trade.	In	the	case	of	maritime	
transportation,	it	depends	on	the	strategies	of	liner	shipping	companies.	In	the	Americas,	results	showed	
that	only	41%	of	the	ITN	links	had	a	direct	MSN	connection.	Among	the	18	trade	partnerships	analysed	
in	the	sample,	only	three	were	directly	connected	via	shipping	services.	In	general,	connectivity	in	the	
MSN	was	lower	than	in	the	ITN,	with	just	11.29	links	per	node	and	only	33%	of	all	the	links	that	the	MSN	
could	have	had.	In	addition,	when	trade	partners	were	connected,	the	‘hub-and-spoke’	structure	of	
shipping	lines	made	exports	go	on	longer	voyages	before	arriving	to	their	market	destinations	as	
services	were	making	multiple	enroute	calls.	These	calls	included	countries	in	the	same	maritime	
community,	regional	hubs	and	global	hubs	in	the	MSN.	The	MSN	configuration	increased	dependency	
from	such	countries.		
Aside	from	transport	characteristics,	the	approach	to	measure	connectivity	to	international	markets	
suggested	in	this	paper	includes	infrastructure	and	trade	facilitation	procedures.	This	is	in	line	with	the	
broader	definition	of	connectivity	available	in	the	literature.	Specifically,	this	paper	suggests	that	to	fully	
understand	a	country’s	degree	of	connectivity	to	international	markets	it	is	critical	to	understand	how	a	
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country	is	positioned	within	the	MSN;	its	level	of	dependency	from	certain	countries	and	shipping	lines	
structures	to	reach	its	international	markets;	port	infrastructure	quality	at	origin,	
intermediate/transhipment	and	destination	countries;	and	trade	facilitation	processes	at	origin	and	
destination	countries.	Importantly,	connectivity	has	to	be	assessed	in	a	relative	fashion,	taking	into	
account	where	countries	should	be	connected	to	and	which	are	the	countries	that	matter.	This	broader	
approach	to	measure	connectivity	can	contribute	to	identifying	and	designing	more	effective	policies	to	
address	barriers	impeding	the	fast,	smooth	access	to	international	markets.		
Further	research	based	on	the	results	of	this	paper	could	focus	on	econometrically	testing	the	
relationship	between	the	ITN	and	the	SN,	as	well	as	analysing	the	issue	of	homophily	in	the	networks	to	
understand,	for	example,	whether	countries	sharing	similar	characteristics	are	better	connected	than	
nodes	without	similar	characteristics.	Further	research	on	connectivity	to	international	markets	could	
focus	on	collecting	data	for	a	broader	period	of	time	in	order	to	analyse	any	variation	over	time	in	
connectivity	to	international	markets.	In	addition,	further	work	could	apply	the	proposed	approach	to	
other	regions	or	country	groups.	This	would	enable	comparison	of	connectivity	levels	among	different	
regions	or	country	groups,	as	well	as	provision	of	input	for	policy	making	to	a	broader	group	of	
countries.	Finally,	further	research	could	expand	the	analysis	to	other	transport	modes	as	a	means	to	
assess	a	country’s	overall	level	of	connectivity	to	its	international	markets.	
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